ME 4010 MECHANICAL ENGINEERING DESIGN 












EXAMPLES OF CALCULATIONS FOR; 














1. POGOST1CK FOR TWO SPRING AND PADS 














2. MAGNUS VAWT ROTOR ARM AND 20 FEET TOWER 













3. MAGNUS EFFECT NUMBERS FOR FLYING CAR 













4. HUMAN POWER GENERATOR FLYWHEEL 














5. PLANETARY GEAR TRAIN FOR AUTOMOBILE TRANSMISSION 











1. POGOSTICK FOR TWO SPRING AND PADS 





FROM EARLIER CLASS NOTES WE ASSUMED THE DYNAMIC LOADING ON THE 


POGOSTICK FOR TWO AS THREE TIMES THE STATIC LOADING 














STATIC LOADING WAS ESTIMATED TO BE 800 lbs 





LOAD OF THE POGOSTICK RIDERS IS 350 lbs 





SAFETY FACTOR OF 2.2 GAVE 770lbs 






SO ASSUME STATIC LOADING OF 800 lbs 






DYNAMIC LOADING IS MUCH LARGER THAN STATIC LOADING AND 



WE ASSUMED IT TO BE SIMPLY 3 TIMES 800 lbs OR 2,400 lbs 













THE DESIGN GOAL SHOULD BE TO PROVIDE FOR INFINITE LIFE OF THE 



COMPONENTS AND OVERALL PRODUCT WITHIN THE COST AND QUALITY 



CONSTRAINTS PUT FORTH FROM MARKETING / MANUFACTURING ETC. 



INFINITE LIFE TRANSLATES TO 1,000,000,000 CYCLES AND MORE 



ACHIEVED DUE TO LOWER STRESS AND SHOWN ON THE S-N CURVE OR 



MORE POPULARLY KNOWN AS THE GOODMAN DIAGRAM 
































































































FROM THE EARLIER NOTES OF 2015Marchl9 

WE ASSUMED AND CALCULATED INITIAL 


SIZES OF THE SPRING AND THE PEDALS 


ALONG WITH THE STRESSES PRESENT 


INSIDE; NEEDING FURTHER REFINEMENT 




CALCULATIONS FOR FOOT PADS 


LOAD ON EACH PAD 200x3 = 600 lbs 



PAD SIZE 6 INCHES WIDE 2 INCHES THICK 


FOOT REST IS 6 INCHES 








STRESS = 

[MOMENT] x [CENTROID] / 



[MOMENT OF INTERTTA] 








USING THE ABOVE NUMBERS SET UP A TABLE 







ITEM 

PAD 

THICKNESS 

MOMENT 
[lbs. - 
inches] 

STRESS 

[PSI] 


1 

2 

3600 

900 


2 

1.75 

3600 

1,176 


3 

1.5 

3600 

1,600 


4 

1.25 

3600 

2,304 


5 

1 

3600 

3,600 


6 

0.75 

3600 

6,400 




FROM TABLE STRESS INCREASES WHEN THICKNESS L 

IS REDUCED AND MUST BE COMPARED TO GOODMAN DIAGRAM 





SPRING CALCULATIONS _ 

SPRING DIAMETER = 5.5 INCHES TO CLEAR THE POGOSTICK CENTRAL ROD 

SPRING COIL DIAMETER = 0.5 INCHES _ 

TOTAL LOAD ON THE SPRING = 2400 lbs. DYANMIC LOAD _ 

SPRING CALCULATIONS INVOLVE SPRING INDEX AND STRESSES IN SPRING 







SPRING 

DIAMETER 

[INCHES] 

SPRING COIL 
DIAMETER 
[INCHES] 

SPRING 

INDEX 

SPRING 

CORRECTION 

FACTOR 

STRESS 

[PSI] 

5.5 

0.50 

11 

1.045 

281,131 

5.5 

0.75 

7 

1.068 

85,109 

5.5 

1.00 

6 

1.091 

36,669 

6.5 

0.50 

13 

1.038 

330,023 

6.5 

0.75 

9 

1.058 

99,595 

6.5 

1.00 

7 

1.077 

42,781 

7.5 

0.50 

15 

1.033 

378,915 

7.5 

0.75 

10 

1.050 

114,082 

7.5 

1.00 

8 

1.067 

48,892 

8.5 

0.50 

17 

1.029 

427,807 

8.5 

0.75 

11 

1.044 

128,569 

8.5 

1.00 

9 

1.059 

55,004 

9.5 

0.50 

19 

1.026 

476,700 

9.5 

0.75 

13 

1.039 

143,055 

9.5 

1.00 

10 

1.053 

61,115 

10.5 

0.50 

21 

1.024 

525,592 

10.5 

0.75 

14 

1.036 

157,542 

10.5 

1.00 

11 

1.048 

67,227 

11 

1.00 

11 

1.045 

70,283 

12 

1.00 

12 

1.042 

76,394 
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SPRING DESIGN HAS BEEN REFERRED TO AS AN ART MORE THAN A SCIENCE AND) AS YOU CAN SEE FROM 
THE TABLE ABOVE AS YOU INCREASE THE SPRING DIAMETER AND) KEEP THE SAME SPRING WIRE DIAMETER 
THE STRESSES ARE INCREASING. THE PARAMETERS TO WORK WITH IN SPRING DESIGN ARE THE SPRING AND 





WIRE DIAMETERS AND THE NUMBER OF COILS IN THE SPRING. SOMETIMES TWO OR MORE SPRINGS MAY BE 
USED TO PROVIDE ADVANTAGES OF SERIES AND / OR PARALLEL COMBINATIONS TO ACCOMODATE STRESSES 


SPRING 

DIAMETER 

[INCHES] 


5.5 


6.5 


7.5 


SPRING COIL 
DIAMETER 
[INCHES] 


1.00 


1.13 


1.25 


SPRING 

INDEX 


6 


6 


SPRING 

CORRECTION 

FACTOR 


1.091 


1.087 


1.083 


STRESS 

[PSI] 


36,669 


30,315 


25,424 
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THE TABLE ABOVE GIVES YOU THREE SPRINGS THAT CAN BE INCORPORATED TOGETHER IN A PARALLEL 


DESIGN AND ACCOMODATE THE POGOSTICK LOADS. THE DYNAMIC LOADING WE ASS UMED NAY BE AN 
OVERKILL BUT THE POINT HERE IS TO ILLUSTRATE THE DESIGN PROCESS. 


FROM THIS POINT THE EFFORTS ARE TO OPTIMISE THE SPRINGS AND AGAIN WE 


LOOK TO THE S-N CURVE / GOODMAN DIAGRAM FOR DIRECTION AND GUIDANCE. 


2. MAGNUS VAWT ROTOR ARM AND 20 FEET TOWER 


THE FORCES IN THE MAGNUS VAWT WERE ESTIMATED IN THE EARLIER NOTES OF 


2015Marchl9 AND THE ROTOR ARMS WERE SUBJECTED TO A TORQUE LOADING AND 
THE 20 FEET HIGH TOWER WAS TO BE MODELED AS A COLUMN WITH ONE END FREE 


AND THE OTHER END FIXED AND SUBJECTED TO A COMBINED AXIAL AND TORQUE 
LOADING AND THE BEARINGS WERE OF THE SPHERICAL THRUST TYPE. 


WHEN WE TAKE A LOOK AT THE SKETCHES ON THE NEXT PAGE WE START TO GET 


AN IDEA ABOUT COMBINED LOADS AND ISOLATED ELEMENTS SHOWING STRESSES. 
TAKE FOR EXAMPLE THE ROTOR ARMS; THEY ARE SUBJECTED TO BOTH A TORQUE FROM 


THE OPERATION OF THE MAGNUS VAWT AS WELL AS A BENDING MOMENT FROM THE 
WEIGHT OF THE ROTATING ASSEMBLY AND MOTOR. THE MAGNUS VAWT TOWER IS 


SUBJECTED TO A COLUMN TYPE OF LOADING WITH AN AXIAL LOAD AT THE TOP ALONG 
WITH A TORSIONAL LOADING AT THE TOP DUE TO THE ROTOR ASSEMBLY AND ALSO A 


BENDING MOMENT AT THE BASE DUE TO THE WIND FORCES ON THE ROTOR ASSEMBLY. 








































































































































































3. MAGNUS EFFECT NUMBERS FOR FLYING CAR 






























































































































TEMPERATURE 

DEGREES 

CENTIGRADE 

SPEED OF 
SOUND 
[m/sec] 

DENSITY OF 
AIR [kg/m3] 







PLUS 35 

351.88 

1.1455 


SEA LEVEL 1 ATMOSPHERE PRESSURE 


ZERO 

331.3 

1.2922 


SEA LEVEL 1 ATMOSPHERE PRESSURE 


MINUS 25 

315.77 

1.4224 


SEA LEVEL 1 ATMOSPHERE PRESSURE 











MINUS 56.5 

325 

0.36 


11,000 FEET ELEVATION 










THE IMPORTANT POINT TO REMf 

EMBER ABOUT WIND IS THAT THE POWER 


AVAILABLE IN THE WIND INCREASES WITH ALTITUDE AND WHILE ALL THIS 


GOOD THE MAXIMUM ENERGY THAT CAN BE HARNESSED FROM THE WIND 


STREAM IS ONLY 59 PERCENT OF ENERGY CONTAINED IN THE WIND STREAM. 


MAGNUS LIFT EFFECT ASSUMING A 3 FEET DIAMETER CYLINDER AND A 3 FEET 


SPHERE WILL BE ESTIMATED FROM THE EARLIER NOTES OF 2015Marchl9. 













Kutta—JoukowskJ Lift Theorem for ■£* Cylinder; 


Lift per unit length of a cyhnder acts peipe nd i t*jl £%jt 
to the velocity (V in fl/secj and is given by: 


l_ — p G V (lbs/ft> /mper/a/ f/ni'fs 




































CALCULATIONS FOR CYLINDER 







WE ARE USING A 3 FEET DIAMETER CYLINDER 3 FEET LONG ON 

EACH SIDE 


ROTATION SPEED OF ELECTRIC MOTOR VARIES FROM SEAL LEVEL TO AERIAL 











LIFT AT SEA LEVEL = 


616.50705 

lbs TOTAL 


4000 

RPM 


LIFT AT 11,000 FEET = 

4592.6113 

lbs TOTAL 


8000 

RPM 
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Kutta-Jaukowski Li^; Theorem for a Cylinder; 

Lift per unit length of a cylinder acts perpendicular 

to the velocity and is given by: L = p T V flb/ffc} 

a L = Lift r = 2 7T r v r V r = 2TC r s 

P = density 4 „ ? ? 

J r -4 71'r^s 

V = Velocity s L 4TC 2 r 2 s V £ib/frj 

, " ^ r = variable radius = f (1 ) 

^ ^ integrate along the axis of rotation to 

" x : -‘ o| ^: produc e a sph e re from many smal i cyiinders. 

= rotation _b . ti dl = - b sin <p 

b = radius of ball L = 4 7t 2 b 3 s p V \ sin 3 <|> d 


L = Lift = ir z b 3 s p V ) 


— 
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CALCULATIONS FOR SPHERE 







WE ARE USING A 3 FEET DIAMETER SPHERE [3 FEET ALL OVER] ON EACH SIDE 


ROTATION SPEED OF ELECTRIC MOTOR VARIES FROM SEAL LEVEL TO AERIAL 











LIFT AT SEA LEVEL = 


1233.0141 

lbs TOTAL 


4000 

RPM 


LIFT AT 11,000 FEET = 

8872.2679 

lbs TOTAL 


8000 

RPM 





4. HUMAN POWER ©ENERATOR FLYWHEEL 














FORMULA[S]E FOR FLYWHEELS, ETC., 






MOMENT OF INERTIA = [£] x MASS x [RADIUS OF GYRATION]**2 



ENERGY STORED IN FLYWHEEL = [£] x [MOMENT OF INERTIA] x ANGULAR VELOCITY 


AVERAGE HUMAN ENERGY OUTPUT = 75 KILOWATTS 














CALCULATIONS FOR FLYWHEELS INVOLVE THE SPEED FLUCTUATIONS ESTIMATES, 


SIZE OF THE FLYWHEEL, STRESSES IN THE FLYWHEEL. 













FOR THE HUMAN POWERED FLYWHEEL, WE ASSUMED 

LOW SPEED OF 40 RPMs AND 


HIGH ROTATION SPEED OF 100 RPMs AND BASED OUR NUMBERS FROM BICYCLES DATA. 










COEFFICIENT OF SPEED FLUCTUATION = 


0.857143 




NOTE THAT THIS IS A HUGE VARIATION AND MAKES FOR A HUGE FLYWHEEL 


WE SHALL ASSUME AN ALUMINUM FLYWHEEL 1 INCH THICK AND 24 INCHES DIAMETER 










MASS OF THE FLYWHEEL = 


20.02 

Kg 




MOMENT OF INERTIA = 


0.47 

Kg m2 




40 RPM ENERGY IN FLYWHEEL = 

4.08 

N m 




100 RPM ENERGY IN FLYWHEEL = 

25.50 

N m 













IF WE USED STEEL; 








MASS OF THE FLYWHEEL = 


59.31 

Kg 




MOMENT OF INERTIA = 


1.38 

Kg m2 




40 RPM ENERGY IN FLYWHEEL = 

12.09 

N m 




100 RPM ENERGY IN FLYWHEEL = 

75.55 

N m 














R2 = 

12 inches 








R1 = 

0.5 inches 







V = 

0.3 

Poisson's Ratio 






P = 

2700 kg / m3 for Aluminum 






P = 

8000 kg / m3 for Steel 




























































































The ms 

— The ms 

ixtmum tangential: stres 

ixtmum radial stress oci 

s occurs at inside of the hole and eqi 
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MAXIMUM TANGENTIAL STRESS 















ALUMINUM 



22,702 

N / m2 














STEEL 



67,266 

N / m2 














MAXIMUM RADIAL STRESS 
















ALUMINUM 



10,421 

N / m2 














STEEL 



30,877 

N / m2 













HUMAN POWERED MACHINES ARE THE HOTTEST ENGINEERING TOPICS TODAY WITH 

THE CHALLENGES BEING LOWEST WEIGHT POWER MAINTENANCE WITH FLYWHEELS 

RESULTING IN A TRULY GREEN ENGINE THAT IS ENVIRONMENTALLY RESPONSIBLE 



















































































5. PLANETARY GEAR TRAIN FOR AUTOMOBILE TRANSMISSION 











WHEN TWO DISKS TOUCH EACH OTHER ON THEIR EDGES AND ONE OF THEM ROTATES; 

IT CAUSES THE OTHER DISK TO ROTATE PROPORTIONAL TO THEIR RADI(USES)! AND 

FRICTION AND WHEN GROOVES ARE CUT IN BETWEEN THEM THERE IS A POSITIVE 


ENGAGEMENT AND INTERACTION AND THUS GEARING, WITH THE RESULTING GEAR 


TRAIN CALLED AS A SIMPLE GEAR TRAIN. 















ADD ANOTHER GEAR TO THE SHAFT OF THE SPUN GEAR AND CONNECT ANOTHER GEAR 

TO IT AND THE RESULT IS A COMPOUND GEAR TRAIN AND THE RESULTING OUTPUT 


SPEED IS EITHER INCREASED OR DECREASED DEPENDING UPON THE RADI(USES)!. 











GOING BACK TO THE EXAMPLE OF THE SIM 

PLE GEAR TRAIN IF THE SHAFT OF THE 


CONNECTED OUTPUT GEAR WAS ALLOWED TO ROTATE FREELY ALSO ABOUT THE 


GEAR DRIVING IT WE HAVE WHAT IS CALLED PLANETARY GEARS OR EPICYCLIC GEARS. 










PLANETARY GEAR TRAINS ARE THE BEST WAY TO INTRODUCE TO ANYONE THE CONCEPT 

OF GEARS AND GEAR TRAINS IN GENERAL. WHILE BEING USED HEAVILY IN AUTOMOBILE 

TRANSMISSIONS PLANETARY GEAR TRAINS ARE FINDING GREAT USE IN 3D PRINTING 

ALLOWING PRECISE POSITIONING OF THE PRINTHEADS. 













WITHIN A PLANETARY GEAR TRAIN ANY OF THE THREE; DRIVER, PINION OR RING GEARS 

CAN BE STATIONARY OR ROTATING. A SPEED, INPUT AND OUTPUT TABLE IS PREPARED 

AND ALLOWS TABULATION OF THE OPERATION OF THE PLANETARY GEAR SYSTEM. THE 

PLANETARY GEAR TRAINS SYSTEM ALSO INTRODUCES THE ALL IMPORTANT CONCEPT OF 

STATE MACHINES; WHICH ARE OF FUNDAMENTAL IMPORTANCE IN ALL ENGINEERING. 










STATE MACHINES AS WE ARE GOING TO TALK ABOUT ARE NOT TO BE CONFUSED WITH 

THE STATE MACHINES AS DISCUSSED IN COMPUTER PROGRAMMING AND WHICH ARE 

USED TO GENERATE COMPUTATIONAL SEQUENCES IN A GENERALIZED MANNER. IF YOU 

WANT TO EXTEND THE STATE MACHINES WE ARE DISCUSSING THEN YOU NEED TO 


START WITH THE THREE WAY COMPUTATIONAL ELEMENT PROPOSED BY RICHARD P. 


FEYNMAN WHICH ALLOWS THE COMPUTER TO CHUG ALONG FROM WHERE IT WAS WHEN 





























































































THE POWER WENT OUT. SO THE STATE MACHINES IN COMPUTERS ARE NOT THE SAME AS 
THE STATE MACHINES IN ENGINEERING. TOTALLY DIFFERENT. 











AND NOW GOING BACK TO OUR DISCUSSION ON PLANETARY GEARS; LET ME SAY 


SOMETHING REAL QUICK, A SIMPLE GEAR TRAIN CONSISTING OF A DRIVER GEAR AND 

DRIVEN PINION GEAR IS ONE OF THE STATES IN A PLANETARY GEAR TRAIN THAT HAS 

IN IT A HOUSING PLUS A RING GEAR PLUS A SUN GEAR PLUS A PLANET GEAR WITH THE 

SUN GEAR AND THE PLANET GEAR CONNECTED WITH A ROTATABLE ARM. WHAT I MEAN 

IS SHOWN IN THE SKETCH BELOW. 


































































































































































































































NOW IN MY OPINION THAT IS A FUN WAY TO INTRODUCE THE SIMPLEST GEAR TRAIN 
AND THE POINT HERE IS THAT EVERYTHING CAN BE REDUCED TO BEING A STATE INSIDE 
A LARGER MACHINE. NOW LOOK BACK AT THE SKETCH AND READ THE WORDS SLOWLY. 











AND LET US NOW LOOK AT THE MACHINE AKA., PLANETARY GEAR TRAIN IN THE SKETCH 

AND UNDERSTAND ITS STATES. IT IS GOOD IDEA TO MENTION HERE THAT INSIDE ANY 

STATE MACHINE THERE ARE LOCKS AND CONTROLS DESIGNED INTO THE MECHANISM TO 

KEEP IT IN THAT STATE. 
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GENERAL GUIDELINES FOR DESIGN 


STAGE 1. A PRIORI (MEANING; IN THE BEGINNING) RULES 

i, engineering is an unforgiving discipline 
z, laws of engineering are the same EVERYWHERE 

3. MURPHYS’ LAW: IF ANYTHING CAN GO WRONG, IT ALREADY ... 

4. COMPLIANT SYSTEMS; SINGLE DOMINATOR, MANY FOLLOWERS 

5. CONCEPTION CONTAINS EXECUTION 

6. UNTHINK THE WHEEL 


STAGE 2. SYSTEM OVERALLS OR BIG PICTURE OR CONFIGURATIONS 

1. SIZE UP THE SYSTEM AND ITS OVERALL NUMBERS AS THESE ARE THE INITIAL PRODUCT 
SPECIFICATIONS AND / OR REQUIREMENTS GENERALISED AS PRODUCT NUMBERS 
Z. DESIGN CRITERIA; SYSTEM MEETS THE EXPECTATIONS OF ALL AND WILL NOT HURT 
ANYONE OR ANYTHING AND DEFINITELY WILL NOT HURT ITSELF OR ANY OF ITS PARTS 
AND IS OFTEN CALLED, DESIGN INTENT OR THE INVIOLABLE SOUL OF THE DESIGN 

STAGE 3.STUDY THE DESIGN AT THE INDIVIDUAL COMPONENTS LEVEL 

1. BREAK DOWN THE SYSTEM INTO INDIVIDUAL COMPONENTS AND CHECK FOR THE DESIGN 
PARAMETERS TRIPLET (STRENGTH / STIFFNESS / FATIGUE/LIFE) 

Z. IDENTIFY THE CRITICAL COMPONENTS FOR FURTHER ANALYSIS 





STAGE 4. CRITICAL COMPONENTS STUDY 

1. REAPPLY THE DESIGN PARAMETERS TRIPLET (STRENGTH / STIFFNESS / FATIGUE/LIFE) ONCE 
AGAIN. IN ORDER TO ACHIEVE WORLD CLASS DESIGN DO WHATEVER IT TAKES TO HAVE 
INFINITE LIFE IN THE CRITICAL COMPONENTS AND USUALLY IT MEANS OVER DESIGN IN 
CRITICAL AREAS TO ASSURE PRODUCT PERFORMANCE AND / OR LIFE 
Z. GOAL OF DESIGN EFFORTS IS USING STANDARDISED OFF THE SHELF COMPONENTS 
REDUCING COST AND NOT SACRIFICING QUALITY NOR PERFORMANCE 





































































































































